CerbaResearch *®

CAR+ T Drug Development:
The Critical Role of Flow Cytometry




cerbaresearch.com

About
Cerba
Research

At Cerba Research, we see a time where
everyone, on our planet, will live a healthier
life. Everyone in the Cerba Research family,
individually and collectively, is dedicated to
the advancement of clinical research and
plays a vital role in building this future.

For over 40 years...

Cerba Research has been setting the industry

standard for exemplary clinical trial conduct.

8SHE] EGVSWW %ZlI GSRXMRIRXW [M
precision medicine, we are changing the paradigm

of the central lab’s role in complex clinical research.

From protocol inception through development and

to market, our passionate experts deliver the highest

quality specialized and personalized laboratory and
diagnostic solutions. Partner with us for the most
1%GMIRX WXVEXIK] XS EGXYEPM~I ]1SY
and pharmaceutical products sooner and improve

the lives of patients worldwide.
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Ans De Beuckelaer. has a Ph.D. in biotechnology

from the University of Ghent. In 2018, she joined

Cerba Research as a scientist in the Flow Cytometry
department. She became the EU Regional Head

of the Flow team after three years in the role, and

in this position took part in many global clinical

trials in respect of the development, validation, and
MQTPIQIRXEXMSR SJ QYPXMTPI %S| E

Rowan Claeys worked in various hospital laboratories

after graduating as a medical doctor and clinical

pathologist from the University of Louvain. In

these roles, he was head of medical validation in
PEFSVEXSV] LIQEXSPSK] ,I NSMRIH X
HITEVXQIRXXEW E GPMRMGEP TEXLSF
Research in 2020.
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The importance of What are the types of

%5S[ G]XSQIXV] MR %$[ G]XSQIXV] EWWE
clinical research MR '%6 8 XVMEPWH#
Being one of the leading technologies for cellular *PS[ GER FI YWIH XS QSRMXSV '"%6 8

EREP]JWMW %S[ G]XSQIXV] KIRIV E XidgandusnvmiuXeEcRIsSas Well as circulating
LMKL XLVSYKLTYX IRYQIVEXMSR EmRaigtdR¢eMZMHYEP GIPP

EREIEEENEEEL O 8S QSRMXSV '%6 8 GIPPW X[S X]TIW

G ER F I c¥lI& pharmacokinetic (PK) assays
With the breakthrough of cellular immune ERH GLEVEGXIVM7EXMSR EWWEIW 9%

XLIVETMIW WYGL EW '%6 8 Pé%“"@%;@&% QIVEXI '%6 8 GIPPW

. - v YWIH JSV 4/ XIWXMR
ecame a critical platform, not only for WXERHEVHMAEXMSR SJ %S[ XIWXMRK
the clinical laboratories, but also for drug

with current cytometers, and high sensitivity can be
developers and manufacturers. VIEGLIH YWMRK E LMKL E%RMX] ERXN

GER RS[ FI YWIH JSV KPSFEP 4/ XIWX

Flow cytometry plays a crucial role in the Exploratory CAR+ T characterization assays are
TVSHYGXMSR TVSGIWW SJ '%6 8 Glesigned tojpheuatypeant agsess the characteristics
YWIH JSV EWWIWWMRK XVERWHYGXMERXNE RHRIGIRSTYWMKPPW EW [IPP
ERH GLEVEGXIVMAEXMSR SJ XLI 'ogein &bgtigrgpderstandmgiat e mechanism of the
MRIJYWMSR %JXIV QERYJEGXY VM RKg. fultker,MgnsmagResiqua Riseage (MRD) assay
MRIJYWIH MRXS XLI TEXMIRXW %SGCERXEHIMRVIIMRNWAE BEKEIMRMRI XLI |
MR GPMRMGEP PEFSVEXSVMIW XS teaimgntis\gnalyzig e ligpig Rmorcieaance.
1%GMIRG] ERH TIVWMWXIRG!| ERH X% MRDrR&sxySaN e @itendedy a phenotyping
residual disease (MRD). EWWE] XS HI%RI XLI TVIWIRGI SJ WTI
SR QEPMKRERX GIPPW SV XS HI%RI |
throughout the treatment.
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An introduction Getting absolute
XS '%6 8 counts reported from
characterization assays LS G]XSQIXV] EWWE

% [IPP HIWMKRIH GLEVEGXIVM”E X MiS posgiMéed Bviadsolure cduinks reported from

HVYK HIZIPSTIVW MRWMKLX MR LS -RLIGTXG Q8 XVIPEWWE]W *PS[ G]XSQI>
FILEZI TSWX MRJYWMSR ERH LS| Xégdrting@fTréladive colnts and absolute counts of

patient’s endogenous immunity. The assay fresh specimens.

composition depends on the cell types and

. . . There are two main approaches: the single platform
biomarkers the investigator wants to explore. PP gep

or dual platform.

According to the single platform, the absolute counts
'%6 8 GLEVEGXIVMM"EXMSR EWW GE¥ Y IRE RIS THHNIH SR GSQQIVG!
at Cerba Research are focussing mainly on  beads or the capability of volumetric acquisition.
the memory differentiation and activation 8LIVI EVI E VERKI SJ FIRIYaXW XS XLM
ERH SV I\LEYWXMSR W XE XY WHowgeyer, dyertorthe presengg gf beads in the tubes,

T cells and endogenous immune cells. this tech.nl.que cannot be co.mblned yvlth a wash §tep
after staining, and volumetric analysis is not feasible

Further, they are designed to pick up on every instrument.

RSR 8 "%6 GIPPW MR TEXMI R’R@é\{org Be'ﬂiue@p%l%rw‘ %ié‘lt\'ﬁe considered for

the presence of undesired target expression GsSQTPI\ QYPXM GSPSV %S[ EWWE]W
SR XLI '"%6 8 WYVJEGI combines absolute counts of parent populations

HIY4RIH F] E LIQEXSPSK] EREP]J”IV TV
collected in the same specimen collection tube.

Absolute counts of the population of interest are then
calculated by the relative percentages obtained by the

%S[ EWWE] ERH XLI HEXE JVSQ XLI LI
However, it should be kept in mind that these absolute
GSYRXW EVI SRP] WIQM UYERXMXEXNM
be interpreted as an approximation. Indeed, whereas
Sysmex has direct acquisition without wash steps or

viability distinction, the ratio of populations within the
leukocyte population might differ between the two

platforms.

Therefore, as a solution for complex assays, Cerba
Research recommends obtaining the absolute count

of a parent population from a companion tube with
UYERXMY“ZGEXMSR FIEHW -R XLMW XY
stained with a basic panel in a Lyse/No Wash format.
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Chapter 2

Developing a CAR+ T trial:
key aspects for assay

development and validation.
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The key aSpeCtS Of A major drawback is that these reagents require

customized development. The combination of
HIZIPSTMRK E '%6 aghgfan\Eddoleerfod, the risk for interlot
variability and unpredictable elements within the
sample forecast makes it challenging to manage
% '%6 8 EWWE] MW [IPP HIW iageR btdck[ihdiédalMiads. Therefore, commercial
is able to report an accurate set of data ERXMFESHMIW WYGL EW XEVKIX JYWNM

for its intended use. The intended use and monoclonal antibodies, are operationally seen as an
VIKYPEXSV] VIUYMVIQIRXW HiERIE®MF ZEPMHEXMSR
parameters of the assay, which is based on a Another aspect to keep in mind when designing the

X JSV TYVTSWI TVMRGMTPIKEXMRK WXVEXIK] MW XLI GLEVEGXI\
itself. There are two types, autologous and allogeneic

'%6 8 XLIVETMIW 8LI EYXSPSKSYW ¢
,EZMRK HI%RIH XLI MRXIRHIH YWI taKenlfré ihé patiéRt RHEN tr8n3duced and infused
'%6 8 EWWE] HIZIPSTQIRX MW XL IlinBliMaane @den.Therefore, gating can go with
specimen type. This can be whole blood, bone '( TSWMXMZI 8 GIPP WIPIGXMSR ;LIV
marrow aspirate or PBMC. The choice is dependent '%6 8 GIPPW EVI KIRIXMGEPP] ORSGUC(
on a range of factors, including the feasibility of local 8 GIPP VIGITXSV XS VIHYGI KVEJX ZI\
acquisition, the need to run in batches, the need for ~ thus require another gating strategy.
absolute counts, the presence of your population of
interest and the stability of the parameters. PBMCis  |_ast but not least...
preferable in instances when stability does not allow
global shipment of fresh material, or in cases where -X MW Z _M XEP _X S EZSM H VM W OW SJ M
batch testing is required. Furthermore, PBMC preps based therapies targeting markers of interest in the
enable enrichment which might be needed to monitor _E \_N.W E] J\EQTPIW GE R_ FI'ERXM "( SV
'%6 8W MR LIEZMP] P]QTLS HITPIXnpbiteEsGlppesefeagents esgd i (pe assays are

WIIR MR EPPSKIRIMG '%6 8 XLIVE 'fql be selected baseq on their compatibility with the
treatment of the patients.

Another crucial aspect of any assay development

MW XLI WIPIGXMSR SJ VIEKIRXW 1SVI WTIGM“WGEPP] JSV
‘%6 8 4/ E Withe Bédrmance of the anti-CAR

detection antibody is crucial to reach high sensitivity.

+MZIR XLEX ERXM MHMSX]TI QSRSGPSREP ERXMFSHMIW
LEZI E LMKL E¥%RMX] JSV '"%6 8 ERH I\LMFMX E PS]|
RSRWTIGMY“G FMRHMRK XLI] EVI LMKLP] VIGSQQIRHIH

9 © Cerba Research 2023



cerbaresearch.com

®
o
k]

Howhasassay 'IVFE 6IWIEVGL LEW %S| G]XSQI
: : around the globe, operating in Europe, Africa,
development and Va“datlon Australia, US, Taiwan, and China. We have

been approached in Cerba access to 12C BD Lyric platform on almost
ﬁe% (r%lvm EW%U& Asia), allowing

6IWIEVGL..W PEFS ;?g'a ffe¥ giobal transparency.

Cerba Research offers customized panel design and

%X JSV TYVTSWI ZEPMHEXMSR [ L M&ikeSifsRurfidntd RdndaXdRatdn, we work with

[MXL TEXMIRX WEQTPIW 3YV ETT \gBBstardaMiz$/VaRiktiEn WoeedurBsXdddtiSition

collaboration between ourselves and the sponsor with and analysis templates and SOPs. Besides the 12C

open communication and complete transparency 0]JVMG MRWXVYQIRXW [l SJJIV %S[ S§

on validation data, SOPs, and reports. Upon initial [IPP WYGL EW QYPXMGSPSV %S| S

validation in EU or US, the assay is transferred and EU and US.

implemented around the globe, according to the need
of the trial.

Study sample data analysis is centralized

in order to guarantee alignment within the
analysis team. Turnaround time is agreed
upon upfront and data transfer is automated
via our own data platform.

AURORA
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Chapter 3

8LI EHHIH ZEPYI SJ %S|
cytometry in multiple myeloma,
minimal residual disease (MRD)
assessments, and multiple
myeloma phenotype
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An overview of the

Added Value of Flow in
Multiple Myeloma, Minimal
Residual Disease (MRD)
Assessments, and Multiple
Myeloma Phenotype

cerbaresearch.com

When it comes to the immunophenotyping of the
TPEWQE GIPPW XLIQWIPZIW MR "%6
trials, there is a great deal of added value in this
ETTVSEGL 8LMW MW YRHIVXEOIR [M
KIRIVEXMSR »%S[ 2+* G]XSQIXV] XLE
standardization at every step of the process, from

sample preparation over data acquisition to reporting

on the use of a selection of (more) backbone

QEVOIVW ERH VIEGLMRK E LMKLIV W
KIRIVEXMSR %S[ G]XSQIXV]

%X HMEKRSWMW SV EW TEVX SJ XLI
KIRIVEXMSR %S| G]XSQIXV] MW HSRI
XLI '"%6 8 GIPP XLIVET] XS MHIRXMJ]
malignant plasma cells in the bone marrow and look

at the antigen’s presence.

'%6 8 GIPP XLIVET] SV SXLIV
immunotherapeutic drugs will be used to

target antigens on the plasma cell surface.
(YVMRK XLI XVIEXQIRX JSPPS]
also important, as targeted therapy might

induce phenotypical changes over the

plasma cells and change the expression

of the targetable antigens.

The disappearance of the monoclonal plasma

GIPPW TVSZIW XLI I%GEG] SJ XLI XLI
also be used to assess MRD — something which is
becoming increasingly critical as a form of marker

JSV TVSKVIWWMSR JVII WYVZMZEP E
clinical trials.

© Cerba Research 2023



How is
Immunophenotyping of
plasma cells in multiple

Q]IPSQE TIVJSVQIH,

In multiple myeloma, immunophenotyping

of plasma cells is performed with a set of
recommended markers. Based on the expression

SJ '( ( ERH XLI QSVI TPEWQE
marker CD138, the plasma cell populations are

Next...

The expression of a set of other plasma cell
characterizing markers is used. These malignant
plasma cells tend to be either CD19 negative and

6 positive, and additionally tend to have a weaker
sent expression of CD27 and CD8L1. It is only
within a small part of multiple myeloma patients

that CD117 expression on malignant plasma cells is
observed.

EIHDdTl))NT IGMYaG

MHIRXMYIH « [LMGL GPEWWMYIW XntrbCell& MV stRiSNg G bgedFovassess the

abnormal plasma cells.

13

monoclonality of the malignant plasma cells for
kappa and lambda light chains. In an ideal situation,
this should lead to good discrimination of both
normal and abnormal plasma cells.

It is known that CD138 is a relatively unstable marker,
and its expression diminishes between 8 and 24
hours after the sample has been taken. When you
know that your analysis will be delayed, it might be
interesting to add a more stable marker like CD319
to the panel.

© Cerba Research 2023



Chapter 4

Focus on CAR+ T-cell therapy:
patient treatment, targeted
antigens, and solutions for
minimal residual disease (MRD)
assessments and multiple
myeloma phenotype assessment

14

© Cerba Research 2023



Treating patients who The impact of
YRHIVKS "%6 8 G I Pilam¥notheEapgutic drugs on

sL1 QENSVMX] sJ TExmIRxw [Ls viRe RBepotype of the plasma
8 GIPP XLIVET] XVIEXQIRX [MPP F'§@0I§Xﬁﬁﬁ'@¢@ﬁftreatments

HEVEXYQYQEF ERXM '( [LMGL L
on the expression of CD38. As we have stated,
alternative markers like CD229 and CD319 could

be introduced into a panel. Therefore, it might be

;I [MPP SYXPMRI XLI MQTEGX SR X[S
XLl aVWX HEVEXYQYQEF ERH XLI W/
. . . XEVKIXIH "%6 8 GIPPW 8LI HVYK..W |
useful to investigate whether your targeted antigen %S F] '( VIGITXSY SGGYTERG] GER

is expressed on the malignant plasma cells before interfered with bRy treatment with daratumumab

'Q
.WX EVXMR K. AL B G EXQ—'V@I%i(ch%\édgto t%é(d'is!a}(opearance of the CD38
immunotherapeutic treatment. NTVIWWMSR SR XLI TPEWQE GIPPW ¢
epitope antibody that binds to a different epitope than
HEVEXYQYQEF GER FI YWIH XS SZIV
the use of an intra cytoplast staining for CD38 that
is bound to the endoplasmatic reticulum. The use of
SXLIV TPEWQE GIPP HI“RMRK ERXMF
CD319 is also a possibility.

CD38 antigen loss is another effect of treatment with
daratumumab, which may either be due to a transient
phenomenon or a temporary downregulation of the
CD38 antigen on the plasma cells. This can last up to
six months after the last infusion of the drug.

It is important to note that low or lost CD38

expression can also be a result of the genetic

selection of CD38 negative plasma cell clones to

escape the daratumumab therapy. CD38 might

also get lost due to trogocytosis by monocytes and
granulocytes, as the cells can eat away at parts of the
plasma cells and other antigens in the CD38 complex
neighborhood. For CD56 and for CD44, this has been
HIWGVMFIH %RSXLIV TPEWQE GIPP F
QYWX FI YWIH XS VIXVMIZI XLI TPEW(
popular antigens here are CD229 and CD319.

15 © Cerba Research 2023



What is the most OWMRK RI\X KIRIVEX
frequently targeted antigen  cytometry (NGF) to look for
JSV '"%6 8 GIPP XL rar&pigsma cells in patient

B cell maturation, antigen, or BCMA or CD269 is bone marrow
currently the most frequently targeted antigen for
'%6 8 GIPP XLIVET] -R QYPXMTPI |89iesiesearciionienexngrqupithe treated
other patients’ plasma cells, the antigen is expressed ~ Patients, NGF can be used. Criteria for the response
at very high levels. It is not present in B cell precursor In Multiple myeloma patients has been described
GIPPW +EQQE WIGVIXEWI VIQSzIwWYReingmatpnghmyelpma working group. This
plasma cells and these can then be retrieved in the ~ &llows us to note that over 50% of the treated
serum of the patients as soluble BCMA., multiple myeloma patients will reach a complete
response, which has been outlined as a presence
BCMA expression is correlated positively with disease of ynder 5% plasma cells in the bone marrow, the
progression. In patients with MGUS, itis low, and in  gisappearance of soft tissue plasmacytoma, and

patients with multiple myeloma, it is higher. There will R|KEXMZI YRM¥%“GEXMSR MR WIVYQ EF
PMOIP] FI E VIZIVWMFPI HS[R VIKYPEXMSR SJ &'1% SR XLI

TPEWQE GIPPW EJXIV XVIEXQIRX [MSAN YaiRruppLg rythfhadmpst of these patients
8 GIPPW 8LIVI QE] FI E GPSREP W' /eapss s RVES pakenisin stringent complete

negative or BCMA low expressing plasma cells as remission —and in order to detect the persistent
an escape mechanism, which expresses multiple disease below the levels of complete remission,
myeloma cells that will proliferate. LMKL WIRWMXMZMX] QIXLSHW EVI RII

XLIVIIJSVI EHHIH 16( RIKEXMZMX] F] ¥
Due to molecular aberration of chromosome 16, there  molecular, or imaging techniques on top of the

may also be BCMA antigen loss. This antigen loss complete remission criteria.

may also be caused by removal of BCMA from the

TPEWQE GIPP WYVJEGI F] KEQQE WIGVIXEWI %PP XLIWI
phenomena will lead to relapse with BCMA, weak

positive or BCMA negative plasma cells.

We may also see trogocytosis, but this time the

XVSKSG]XSWMW [MPP FI HSRI F] XLI '%6 8 GIPPW [LMGL
[MPP PIEH XS ER IN\TVIWWMSR SJ &'1% SR XLI "%6

8 GIPPW 3XLIV '"%6 8 GIPPW [MPP XLIR OMPP XLI '"%6

8 GIPPW MR E TLIRSQIRSR XIVQIH ,JVEXVMGMHI ...
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How else does MRD relate  The challenges of using
XS GPMRMGEP SY XtGeSagsevément of MRD

6IKEVHMRK GPMRMGEP SYXGSQIW Of daurgeRitl WolkdMde false to say that there are
TVSKVIWWMSR JVII WYVZMZEP ER Ho 8udteriRgissMes YhAtver ire resaludion.

is also the most relevant predictor of these. It is For instance, the FDA recommends the use of
independent of the disease stage at diagnosis, the MRD assessment only in patients with complete
VMWO TVS%PI SJ XLI TEXMIRX E R &hdstrihgehtddndlet Jeghonsd, Where the EMA
or not they have received an autologous stem cell would also include patients with a very good partial
transplantation. At this time, therapeutic strategy is response. There have not been good descriptions

not changed depending on the patient's MRD status, for either the timing points for the assessment of
but there are many ongoing clinical trials which both  MRD, or the duration of the MRD monitoring.
investigate the optimal time for autologous stem cell
transplantation and the type of consolidation therapy
and its duration.

However, it does appear that both agencies

will likely agree on a minimum of one year by
MQTPIQIRXMRK XLI -1;+ GVMXIVME SJ
MRD is a strong predictive factor of both overall year MRD negativity. The two agencies seem to have
WYVZMZEP ERH TVSKVIWWMSR JVIEKMWVEZ MBEIRQ TREEX HOWRKIS JJ SJ 8S
XLl EGGIPIVEXIH VIPIEWI SJ RI[P] pidsehBeSoT extramadvlligrywdisease, other methods
obtaining an MRD negativity could also be used as a like imaging techniques are necessary. The use of

surrogate endpoint. However, until this point, it has liquid biopsies could also be possible, but the results

been considered unacceptable for both the FDA and  from NGF have not been very positive — until now.

EMA, although negotiation may be possible for the 8LI HIXIVQMREXMSR SJ GIPP JVII (2%

different agencies. more effective technique.

Moreover, the organization also needs to perform
In multicenter clinical trials, MRD assessment is JYVXLIV VMWO WXVEXMY“GEXMSR JSV
also gaining importance where FDA and EMAhave ~ TVSZIR XS FI 16( TSWMXMZI [LIR GPM
been approved. These are used as a surrogate performed. Currently,there are only two techniques
marker for progression-free survival. XLEX LEZI WY%GMIRX WIRWMXMZMX]

NGF, and next-generation sequencing (NGS),
and both of these have their own advantages
and disadvantages.

17 © Cerba Research 2023



2+7 RI\X KIRIVEXMGma Research’s
sequencing) vs NGF solutions for MRD
RI\X KIRIVEXMSR "ESNWIWWOQIRX#

However, it must be noted that NGF is possible in the For future developments, it is also likely that Cerba

absence of a diagnostic sample, which NGS is not. Research will focus on the development of large

The presence of other cells over plasma cells is an and more informative panels based on the already

indicator of both the sample quality and the possible  available NGF panels and including additional

hemodilution of the sample. TPEWQE GIPP HI"WRMRK QEVOIVW SV
to overcome the effect of the antigen changes
EKEMRWX XEVKIXEFPI ERXMFSHMIW E
phenotypical changes of the plasma cells.

Both techniques offer their users complementary
information where molecular characterization by
NGS provides information on the clonal evolution

and pharmacogenomics. NGF offers information on
the number of normal and abnormal plasma cells,
the cell characteristics, and the level of expression

of certain antigens. Another important feature of NGS
is that the user must analyze fewer cells than they

do with NGF.

8LI X[S XMQIW IMKLX GSPSV )YVSY%S[ TERIP MW SRI SJ
the two most used and standardized panels for MRD

EWWIWWQIRX EW MW XLI GSPSV 17/'"" TERIP ERH
both have a very high sensitivity often to the minus

six. There are also a number of panels developed

F] FSXL *VIRGL ERH +IVQER %S[ G]XSQIXV] KVSYTW
which are good alternatives but are not currently

used as standardized panels.

18 © Cerba Research 2023



7LSYPH 16( ERH "%I6 NBS&s$sal able
persistence be monitored XS MHIRXMJ] QSVI 1t

simultaneously after the positive patients than
'%96 8 GIPP MRIJYWMSR#A | XSQIXVMG EW
To date, there have not been any clear guidelines 3R XLI SXLIV LERH MX MW RSX UYMX

SR XLI QSRMXSVMRK SJ '%6 8 GIPBRXIGISETEVAMWBRMWM WKXX[IIR 2+7 ERH %
suggestion is to examine both simultaneously andto EWWE]W VIEGLMRK WMQMPEV WIRWM
consider the residual immune system as well as at LEW GSQTEVIH XLIMV X[S IMKLX GSP¢
XLI TIVWMWXIRGI ERH JYRGXMSRE[RMXX] XSLJI XLQ TS X8EEPP2+7 EWWE] F

. . LEZI E WIRWMXMZMX] SJ 8LI] MRZ
There may be multiple reasons for a patient o | istaken. in which thev found ten
FIGSOMRK 16( TSWMXMZI 3RI sJ XPCHERR \e}mlé;i}gf%v’ﬁw' y

for relapse in 50% of the cases is the absence discortlant cases, chwere NGS positive.
. )ZIV] SRI SJ XLIWI GEWIW LEH ER 16(
of persistence, but another reason may be the
disappearance of the antigens on the plasma cells. Of these 10 cases, only three patients relapsed.
Itis, therefore, good practice to be sure that your 8LI 2+7 QE] GVIEXI WSQI JEPWI TSWM
ERXMKIRW EVI WXMPP TVIWIRX M JthpServdri IBiKMR lavélsl R most df thése studies,
8 GIPPW ¢« XS PSSO EX XLI TLIRS X]théreSdayxalsb GeRak Wiga& a6 & ReBUIY of the fact
XLIQWIPZIW ERH XLIVIJSVI YWI ¥ ShathphSseays\ald Gone dn\ifietatit samples.
which can detect very low events. 8]TMGEPP] XLI YWIV LEW X[S WEQTP
and another for NGF. You will also have discordant
results if one of these samples is hemodiluted.
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